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Abstract 
The study aimed to elucidate the status of blood constituents and the physiological body reactions in term of 
core temperature, pulse rate and respiration rate in five male dromedary camels aged three to four years and 
weighed 350 to 420kg, housed in open yards in the experimental farm of Sudan University for Science and 
Technology and deprived of water for 48 hours. The results revealed significant increase (P< 0.05) in 
temperature, insignificant change in respiratory rate and a significant decrease in the pulse rate. With the 
exception to WBCs and level of glucose, the remaining blood constituents showed significant difference (P< 
0.05) when compared with the control group. Of these, significant increase was found for RBCs, Urea, total 
protein and creatinine whereas significant decrease for the mean values of PCV and haemoglobin concentration. 
Based on the results achieved and the discussion undertaken in relation to data of relevant studies conducted 
elsewhere, the present study would conclude that the changes revealed were indicative to the adaptive ability of 
the animal to tolerate water deprivation for 48h.          
Keywords: Water deprivation; Heat- stressed camel; Water-deprived camel; Camel water budget; Camel water 
economy; One- humped camel; Camel blood constituents.  
1.  Introduction 
The camel is one of the most animals that are considered to live successfully in arid environments. It was 
reported that it had an ability to withstand severe dehydration and lack of water for several days [1, 2, 3, 4]. 
However, implications of dehydration were previously studied on water balance [5], urea excretion [6], 
temperature regulation [7], metabolism [8], water turnover [9, 10] and renal function of the dromedary camel 
[11].  
------------------------------------------------------------------------ 
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Under such condition of water deprivation, the camel was reported to tolerate water losses of up to 30% [5, 8, 
9]. In addition to those parameters, seasonal variations of blood constituents were investigated in a large sample 
of one-humped camel during dry and wet season [12]. These constituents had been also investigated but in small 
number of water-deprived female camels [13] as well as in male ones [14]. Together with these aspects, thermo-
physiological characteristics and haematological parameters were studied under hot conditions in water–
deprived camels [15].  
So far few studies were undertaken to elucidate the effect of water deprivation on the blood constituents of the 
camel and some of those conducted previously used a sample size of not more than three animals. However, this 
brings about the need for further studies with adequate sample size, of at least five animals, so as to enable 
acquisition of realistic and meaningful data about these constituents. Therefore, the present study is aimed to 
achieve this goal using adequate sample of one-humped dromedary camel (Camelus dromedaries) deprived of 
water for 48h during summer season.  
2. Materials and methods 
Five male dromedary camels of Bishari type, aged between three to four years and weighed 350 to 420 kg were 
obtained from The Experimental Farm of Sudan University of Science and Technology at Khartoum. The 
animals were housed in the open yards of this farm. The animals were measured while not being deprived of 
water (NDW), deprived of water for 48h (DW) and four hours after being provided with water (PW). The non-
deprived animals were fed on fresh feed ad libitum while deprived ones on dry hay.   
For blood constituents of camels, 10 ml of blood sample were collected from the jugular vein of each one of 
those non-deprived, deprived and 4h after being re-hydrated. Each sample was placed in a clean dry EDTA tube.  
The anti-coagulated blood was used for determination of red blood cells (RBCs), white blood cells (WBCs), 
packed cell volume (PCV), and hemoglobin (Hb), while the serum obtained from the remaining blood sample 
was used to determine biochemical constituents including glucose level, urea, Albumin, total protein and 
creatinine concentration using spectrophotometer and relevant kits.    
Paralleled with these, the animal respiration rate was achieved by counting the rhythmical movement of 
abdomen per minute, its pulse rate by the number of waves per minute being detected by pressing gently a ball 
of one finger on the coccygeal artery and its core temperature by inserting thermometer in its rectum.  
Mean values of blood parameters as well as of biochemical constituents of the group deprived of water and 
those of the group provided with water after deprivation were compared using student T-test, and means of each 
of them were compared with those of the group not deprived of water.    
3. Results  
The results of mean values of respiration rate, pulse rate and rectal temperature are shown in Table1. The results 
showed that the mean values of respiration rates did not vary significantly (P> 0.05) in water deprived camel 
when compared with either non-deprived camel (NDW) or those provided with water (PW).  
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Also, the results showed deprived camel to exhibit significantly reduced pulse rate when compared with non-
deprived camels (P < 0.01). Moreover, deprived camel revealed to have significant increase in rectal 
temperature (RT) when compared with non-deprived camel (P < 0.01) as well as with those provided with 
water.   
Table 1: Mean values (± SD) of respiratory rate (RR), pulse rate (PR) and rectal temperature (RT) of camel; 
non-deprived of water (NDW), deprived of water (DW) and 4h after being provided with water (PW). 
Parameters NDW DW PW 
RR, min 5.6 ± o.5 8.2 ± 2.6 6 ± 1.2 
PR/min 37.2 ± 2.5 29.8 ± 0.4** 37.4 ±  1.8 ## 
RT(C˚) 36 ± 0.04 37.5 ± 0.04** 35.2 ± 0.5* ## 
Values are means ± SD, n= 5, * = P≤0.05, ** = P≤0.01.* = DW and PW versus NDW 
# = P≤0.05, ## = P≤0.01.  # = PW versus DW 
Blood parameter namely PCV, Hb, RBCs and WBCs are shown in Table 2. The results revealed that PCV was 
highly reduced (P<0.01) in deprived camels and in those examined after 4 hours of being provided with water 
when compared with non-deprived camel. While, Hb reduced in deprived group (P < 0.05) and highly reduced 
in camels after 4 hours of being provided with water (P < 0.01). Regarding, RBCs, it was highly reduced in the 
group measured after 4 hours of being provided with water (P < 0.01), but increased significantly in water –
deprived group (P < 0.05). 
Table 2: Mean values (± SD) of blood parameters of camel, non-deprived of water (NDW), deprived of water 
for 48h (DW) and 4h after being provided with water (PW). 
Parameters NDW DW PW 
PCV (%) 28.7 ± 1.5 26.2 ± 1.1** 23.4 ± 0.5** ## 
Hb g/100 ml 12.8 ± 0.6 11.7 ± 0.5* 10.1 ± 0.4** ## 
RBCs (X106) 8.6 ± 0.5 11.6 ± 1.5* 7.9. ± 0.6** ## 
WBCs (x103) 10.8 ± 2.4 12.7 ± 1.9 10.2 ± 2.0 ## 
Values are means ± SD, n= 5, * = P≤0.05, ** = P≤0.01.* = DW and PW versus NDW 
# = P≤0.05, ## = P≤0.01.  # = PW versus DW 
For the biochemical constituents: glucose level, urea, total protein, albumin and creatinine the results are shown 
in Table 3.  
They showed urea, albumin and creatinine in deprived group were significantly different (P<0.05), of which 
total protein level was highly significantly different when compared with the non-deprived group (P<0.01). The 
glucose level, however, did not show any significant difference (P> 0.05) among the three categories.  
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Table 3: Mean values (± SD) of biochemical constituents of blood in camel non-deprived of water (NDN), 
deprived of water for 48h (DW) and provided with water after 4h (PW). 
Parameters NDW DW PW 
Glucose mg/dl 82.3 ± 14.1 106.7 ± 26.6 79.7 ± 8.2 
Urea (mg/dl) 27.4 ± 4.1 36.4 ± 0.9* 28.1 ± 5.1# 
Total protein (g/dl) 5.1 ± 0.3 6.8 ± 0.8** 5.3 ± 0.2 # 
Albumin (g/dl) 2.6 ± 0.4 3.7 ± 0.3* 3.2 ± 0.2 # 
Creatinine (mg/dl) 1.5 ± 0.3 2 ± 0.3* 1.5 ± 0.3 
Values are means ± SD, n= 5, * = P≤0.05, ** = P≤0.01.* = DW and PW versus NDW 
# = P≤0.05, ## = P≤0.01.  # = PW versus DW 
4. Discussion 
 The camel is one of the most well adapted animals to live in arid environments. It has an extraordinary capacity 
to withstand water deprivation for several days [3, 15]. This tolerance to water lack is attributed to its ability to 
produce concentrated urine, to entertain less cooling evaporative water loss and pass feces with minimal water 
loss [16, 17, 18]. 
In the present study, the mean values of blood constituents and of those reflecting the physical physiological 
response of water–deprived camel such as temperature, respiration rate and pulse rate would give insight on the 
status of the animal under dehydration stress. However, the significant increase of core temperature in water-
deprived camels from 36 C˚ to 37.5C˚ probably would indicate that the temperature did not reach the limit that 
would bring about the animal under heat stress. This claim might be true as elevated core temperature in these 
animals had not been paralleled with a significant increase in the respiration rate. However, this parameter is 
regarded as indicator to heat stress and probably enhancing dissipation of heat [19] and its increase in heat-
stressed camel resulted in brain cooling [20]. In other studies, the increase of core temperature induced by water 
deprivation was thought to be due to lower water turnover of the camel that was reported to be in the range of 38 
– 76 ml/kg/d compared with the sheep (62-127 ml/kg/d) and goat (76-196 ml/kg/d) [4]. Furthermore, rectal 
temperature was reported to increase with increase in metabolic rate and to decrease with dehydration of the 
animal [8].In this study, probably the increase of rectal temperature was ascribed to the smaller surface area to 
volume ratio that is characterizing large mammals such as camels compared to small ones such as goats [21].   
On the other hand, the significant decrease in the level of PCV as well as in the concentration of Hb was more 
likely brought about as a result of water mobilization from the plasma as extracellular compartment to adjacent 
interstitial tissues of vital organs such liver, heart and the brain whose functions are of a paramount importance 
to survival of the animal. Differing from these changes, the significant increase in RBC count might be linked to 
reduction in the volume of plasma matrix due to movement of water to dehydrated tissues. However, the 
increased RBC also seems to be caused as a physiological response to stimulatory effect of elevated core 
temperature to enhance recapture more oxygen molecules for metabolism which was reported to increase with 
the increase of temperature [8].   
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However, the decreased level PCV in this study, in spite of increase number of RBC, might be referred to 
erythrocytes themselves as stacked thin walled structures being drained of some water content.    
As anticipated, water deprivation of the camel in the present study had resulted in increased level of urea, 
creatinine, albumen and total protein. These results conformed with those reported elsewhere: for urea and 
creatinine [11, 12, 14] and for total protein [15]. However, the increase of these nitrogenous constituents is 
clinically considered indication to kidneys, dysfunction [22]. In this context, the recovery of almost normal 
levels of nitrogenous products in the camel of this study which were provided with water and measured after 
four hours proved the lack of this dysfunction and perhaps confirmed the claim that the elevation of these 
products was due to decline in the glomerular filtration rate during dehydration to conserve water content of the 
animal under the condition of water deprivation [11].  
5. Conclusion 
The study showed that the dromedary camel (Camelus dromedaries) could tolerate water deprivation for 48h 
without serious effect on blood constituents and functions of the kidneys.  
6. Limitation of study 
Because of being used to elucidate the effect of water deprivation for 48h, the same experimental group of 
camel did not allow to investigate for further extended durations as factors other than water deprivation might 
interfere with results. 
7. Recommendations 
• More extended durations of water deprivation should be investigated in separate groups of camel. 
• Urine concentrations and frequency of urination should be determined. 
• Images of camel erythrocytes should be visualized before and after provision of water. 
• Camel body weight should be measured during water deprivation and after provision of water. 
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